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Tau misfolding and aggregation follows a seeding nucleation mechanism that can be 1 3 6 modeled in vitro using purified recombinant tau protein incubated in the presence of 1 3 7 heparin at physiological pH and temperature [37, 38] . For our experiments, we used full-1 3 8 length human tau protein containing 4 microtubule binding repeats (4R) and 2 N- terminal inserts (2N). The 2N4R tau is the largest form of tau and the most active in 1 4 0 promoting microtubule assembly [12, 13] . In most tauopathies the 4R tau is the 1 4 1 predominant form of the protein in the aggregates [12, 13] . Incubation of tau at a 1 4 2 concentration of 50 µM in 10 mM HEPES, pH 7.4 containing 100 mM NaCl and 25 µM 1 4 3 heparin at 37 °C with constant agitation led to the formation of amyloid aggregates, is widely used to characterize the kinetic of amyloid formation [39] . Under these 1 4 7 conditions, tau form ThT-positive aggregates (Fig. 1B, 1C , Supplementary Fig. S1 ) with 1 4 8 a lag phase of around 15h (Fig. 1A) . To measure the amount of aggregated tau, we 1 4 9 centrifuged the samples and evaluated the tau signal in pellet and supernatant by 1 5 0 western blot. As shown in figure 1C , most of the protein was recovered in the pellet and 1 5 1 appears as a smear of high molecular weight bands. This result suggests that, under 1 5 2 the conditions used the majority of tau was forming part of large aggregates. To use this Porphyromonas gingivalis (PG), Borrelia burgdorferi (BB). We also incubated tau with 1 7 4 the same amount of DNA extracted from Candida albicans (CA) and human samples. The results showed that DNA from various (but not all) bacterial species significantly 1 7 6 promoted tau aggregation ( Fig. 2A) . Conversely, addition of eukaryotic DNA, such as 1 7 7 from yeast or human cells, had a much lower effect in promoting tau aggregation. To 1 7 8 compare the magnitude of the effect of these different DNA extracts on the kinetic of 1 7 9 aggregation, we measured the lag phase, defined as the time at which aggregation 1 8 0 begins, which is experimentally determined as the time when ThT fluorescence reaches We then aimed to confirm whether the promoting activity of bacterial DNA is dose 1 9 1 dependent. We found that DNA of E.coli ATCC 25922 and P.gingivalis at concentrations 1 9 2 of 1000 to 10 ng significantly accelerated Tau aggregation relative to controls. The lower than that of tau seeds. A dose dependent effect was more clearly observed only 1 9 5 for addition of P.gingivalis DNA, perhaps because of the higher efficiency of E.coli 1 9 6 ATCC 25922, which may require lower concentrations to observe a dose-dependency. In addition to being one of the most devastating diseases of the 21st century, AD protein aggregates able to spread from cell-to-cell by a prion-like mechanism [1, 3, 4] . on the initiation of the pathological abnormalities [45] . In this sense, various studies 2 1 0 have shown that bacterial infection, as well as alterations in the intestinal microbiome 2 1 1 may be implicated in the AD pathology [18, 46, 47] . Here we report the first evidence for the capacity of extracellular DNA from certain 2 1 3 bacterial species to substantially promote tau misfolding and aggregation. The and personal data that showed associations of certain microorganisms with AD. Among 2 1 9 the bacteria previously cultivated directly from the brains of patients with AD, or those 2 2 0 whose components (such as nucleic acids, lipopolysaccharides, enzymes) were 2 2 1 identified in the CSF, amyloid plaques, or brains of patients with AD, we used the DNA 2 2 2 from B. burgdorferi, P. gingivalis, C.albicans, and E.coli [20, 20, 51-53] . Our data indicate that DNA from various, unrelated gram-positive and gram-negative demonstrated that some strains of E. coli (such as K99) were detectable 2 2 7 immunocytochemically in brain parenchyma and vessels in AD patients more frequently facultative intracellular parasites and be localized within hippocampal neurons [54]; the 2 3 0 latter finding is significant, as the hippocampus is the brain region greatly damaged in Multiple lines of evidence indicate that the oral microbiome is implicated in AD 2 3 6 development [23, 24, 46, 56, 57] . Orally localized bacteria may gain access to the brain 2 3 7 via multiple pathways. As a peripheral chronic infection, periodontitis can trigger the 2 3 8 1 0 onset of proinflammatory signaling cascades, weakening the blood-brain barrier (BBB) DNA of T. alzheimeri [43] (together with that of E. coli) evinced the highest promoting 2 5 0 activity relative to other bacteria. The findings obtained in the present work indicate that DNA may play a previously 2 5 2 overlooked role in the propagation of tau protein misfolding and AD pathogenesis, In conclusion, the present study is -to the best of our knowledge -the first to outline protein aggregation. We found that DNA from various species of bacteria, some of 2 6 2 which were previously identified in the CSF and brains of patients with AD, can lead to 2 6 3 1 1 tau protein misfolding and aggregation, suggesting their potential role in the initiation 2 6 4 and progression of pathological abnormalities responsible for AD.
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Future studies should further investigate the possible role of DNA as an initial seeding 2 6 6 factor for protein misfolding, including those associated with neurodegeneration, 2 6 7 autoimmune diseases, and cancer. Moreover, subsequent studies should explore the 2 6 8 targeting of DNA as a therapeutic strategy to prevent tau aggregation. Tetzerella alzheimeri VT-16-1752, Tetzosporium hominis and Candida albicans. All bacterial strains were subcultured from freezer stocks onto Columbia agar plates 2 7 6 (Oxoid, UK) and incubated at 37 °C for 48 h, fungal strain was subcultured from freezer 2 7 7 stocks onto Sabouraud dextrose agar (Oxoid, UK) and incubated at 30 °C for 48 h. To extract the extracellular DNA, bacterial and fungal cells were separated from the 2 7 9 matrix by centrifugation at 5000 g for 10 min at 4 °C. The supernatant was aspirated 2 8 0 and filtered through a 0.2-μm-pore-size cellulose acetate filter (Millipore Corporation, 2 8 1 USA). Extracellular DNA was extracted by using a DNeasy kit (Qiagen). Human 2 8 2 genomic DNA (Roche Cat#11691112001) was purchased from Sigma (Sigma-Aldrich). Expression and purification was done using previously described procedures [38] . Briefly, the plasmid was transformed into BL21 (DE3) Escherichia coli bacteria (New 2 9 0 England BioLabs, catalog # C2527H) and grown overnight in 30 μ g/ml kanamycin 2 9 1 Terrific Broth (TB) at 37°C with agitation. The culture was then diluted 1:20 and grown 2 9 2 until the optical density 600nm reached 0.6. One mM isopropropyl-β-D-2 9 3 thiogalactopyranoside (IPTG) was added to induce protein expression, and then the 2 9 4 cultures were grown at 37°C with agitation for 6 hours. Bacteria were collected by 2 9 5 centrifugation at 3,000xg and pellets stored frozen at -20°C until lysis. Pellets were thawed and resuspended in 20 mM PIPES pH 6.5, 500 mM NaCl, with 2 9 7 protease inhibitor cocktail complete (Roche) and sonicated with a 1/2" probe (S-4000, 2 9 8 Misonix), then heated at 95°C for 20 minutes. Lysates were centrifuged at 15,000xg for 2 9 9 20 min at 4°C twice to remove cell debris. To precipitate proteins, ammonium sulfate 3 0 0 (Sigma) was added at 55% w/v and incubated at room temperature for 1 hour with a 3 0 1 magnetic stirrer. Precipitated protein was recovered by centrifugation at 15,000xg at 3 0 2 room temperature, and pellets were stored at -20°C. aliquoted and stored at -80°C. Protein concentration was determined using BCA protein Assay (Thermo Scientific). Preparation of tau seeds. To prepare aggregated tau for seeding experiments, 3 1 6 monomeric aggregate-free tau was incubated at a concentration of 50 µM, containing 3 1 7 25 µM heparin (Average MW 18,000, Sigma) in 10 mM HEPES buffer pH 7.4, 100 mM 3 1 8 NaCl for 5 days at 37°C with constant shaking at 500 rpm in a thermomixer (Eppendorf). The formation of amyloid filaments was followed by Thioflavin T (ThT) fluorescence 3 2 0 from samples taken from replicate tubes. Tau filaments (2.3 mg/ml) were sonicated to prepare seeds (tau-PFF) by diluting the 3 2 2 filaments to 0.1 mg/ml in 10 mM HEPES buffer pH 7.4, 100 mM NaCl and sonicated times with distilled water, and then negatively stained with 2% uranyl acetate for 1 min. was analyzed by western blot after gel electrophoresis, using the anti-tau ab64193 3 3 7 antibody from Abcam. Thioflavin T, using cyclic agitation (1 min shaking at 500 rpm followed by 29 min without 3 7 0 shaking). Aggregation was followed over time by ThT fluorescence using a plate Borrelia burgdorferi (BB). We also incubated tau with same amount of DNA extracted Treponema in the human brain and their association with Alzheimer's disease.
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